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THE EFFECT OF NACELLE-PROPELLER DIAMETER RATIO ON BODY INTERFERENCE
AND ON PROPELLER AND COOLING CHARACTERISTICS
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suMMARY

An investigation was conducted in the N. A. C. A.
$O$oot tunnel to determine the slipstream drag, the body
interference, and the cooling characteristics of nacelJe-
propeller combinations m“th different ratios oj nucelle
diameter to propeUer diameter. Four combinations of
geometrically similar propellers and nacelks, mounted
on standard wing support8, were te8tedwith ?xduesof the
ratio of nuce.?lediameter to propeUerdiameter oj 0.fi6, 0.%?,
and O.&.

l%e re.suh show that (1) the efect oj zwiatwn in the
ratio of nacellediameter topropeller diameter on propuk%e
ejicL9ny ia not important until the nacelle becomes
appron”mately one-third of the propeller diameter but,
beyond that point, the propulsive ejkiency dwreases
rapidly w“thjwther increase in rekztice body size; (fi] the
net ejkiency of a naeelk~opeller combination decreuses
rapidly m“th increasing dues oj the ratio oj nucelle
diameter to propeller diameter; (3) the presence of a
spinner ozer the propeller hub increases the propulsive
em”ency by an amount vaying from 1%to 4 percent; and
{.4)the maximum prewure drop available wiih adjustable
cowlingjlaps is about gOpercent greaterthun the maoirnum
pressure drop available w“th an adjustable-kngth cowling
skirt.

INTRODUCTION

Considerable information has reoentIy been made
available concerning the propukh-e and the coding
characteristics of a fu~-scale air-cuded radial-engine
naceUe-propelIer combination having a ratio of the
nacelIe diameter ta the propelkr diameter of approxi-
mately 0.41. Very little information is available con-
cerning the eikts of variation of that ratio on the a.lip-
stream drag, the body interference, and the efficiencim
of a propelkr-nacelle combination or on the cooling-air-
flow characteristics of a nacelle-propeller combination.

LMostpre5ent-day estimates of the variation in pro-
pulsive efficiency with the ratio of nacelle diameter to
prcpekw diameter are based on the results reported in
references 1 and 2. Those investigations were con-
ducted with an uncowled radid engine and low-pitnh
propders, and the results are not applicable to present
practice. Only a few isolated tests are avaiIabIe for

dekrminkg the efteot of variation in the ratio of
nacelle diameter to propeller diwneter on the cooling-
air-flow characteristics.

In order to supp~y adclitiona~ information on this
subject, the N. A. C. A, has instituted an investigation
of wing-naceIIe-propeHerinterference and cooling char-
acteristics. The investigation incIudes: (a) determina-
tions of the drag and of the propeller and cooling char-
acteristics of four combinations of geometrically simikr
model propellers and nacelles having values of the ratio
of nacelle diameter to propder diameter of 0.25, 0.33,
and 0.44; and (b) determinations of the lift, the drag,
and the propeller and cooling characteristics of the same
combinations of propellers and nacelk operating in
conjunction with a 5- by 15-foct N. L C. A. 23018
airfoil. This report presents the remdti of part (a);
part (b) is reported in reference 3.

The present report gives the results obtained from
tests of geometrically eimilax 3-bIade propellera of
diameter D of 36 and 48 inches (3 and 4 feet) operating
in conjunction with geometrically similar nacelles of
diameter d of 12 and 16 inches, making possibk the d/D
ratios of 0.25, 0.33, and 0.44. Results obtained from
other tests in which free-propelIer conditions were ap-
proached are ako prwented. The effeots of a variation
in the ratio of nacelIe diameter to propeIIer diameter on
the propeIIer characteristics and on the a’1.ipstreamdrag
M weII as the effects of nacelle interference on propekr
power and thrust are shown. AIso included are the
results of determinations of the cooling characteristics
of all the combinations tested in addition to comparisons,
on one nacelIe, of adjustable cowhg flaps with an ad-
justable-kmgth cowling skirt as a means of controlled
cooling.

APPARATUSAND METHODS

The N. A. C. A. 20-foot wind tunnel in which these
testi were conducted is described in reference 4. The
teds were conducted at air speeds from 20 to 80 miles
per hour.

Two geometrically similar sheet+ahuninum naceks,
12 and 16 inches in diameter (fig. 1), with nose 7 of
reference 5 were used in the investigation.
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The engine was simulated by fine-mesh wire screens,
the resistance of which had been adjustad to give the
dssired conductivity. The conductivity was deter-
mined from measurements of the quantity of air flow
through the cowling and of the pressure drop across the

Cowling flop> S@tic pressure

Stole, in. Wire!-mesh screen
16-in. nacelle ass@ly.

0Y8 .__.Sto~ic pressure

“ Electric motor ~,
_——

Wire-mesh sckeen W1’h ~$’~-“
12-in. nacelle ossemb~y nocelie

FIGUBEL-SPlnneI andmcellemcddswd in prorwllw-namlleIrwW@on.

screensthat simulated the engine. From these measure-
ments, the conductivity K (reference 5) was found to
be 0.085 for the 16-inch nacde and 0.072 for the 12-inch
nacelle.

For certain of the teds, t@ cowling-exit area of the
16Ach nacelle wae varied bo.fk by adjusting the cowling
flaps (fig. 1) and .by reducing the length of the cowling
skirt.

Two 3-blade propellers, 36 and 48 inches in diameter,
having Clark Y sections and geometrically similar to
propeller 6101 (reference 5) except for vwiab~e-.instead
of controllable-pitch hubs, were “&id “fi ih .invesLiga-
tion. The pitch of both propellers could be adj ustadby
turning the blades in the hub. For these tests, the
blades were set .at 15°, 20°, 25°, 30°, 35°, arid 40° at
0,75 of the tip radius. Characteristic curves of blade
width, blade thickness, and pitch distribution me given
in figure .2.

The spinner shown in fi&e 1 was tested” ti con-
junction with the 48-inch propeller and the 12-inch
nacelle.

The propellers were driven by B w.a~er-coo~d ~ltgr-
nating-current induction motor, which developed 25
horsepower at 3,600 r. p. m. Curreht was supplied to
the motor by a variable-fre~iiency alternator and speed
control was obtained by varying the frequency; The
power output of the motor was obtained from a cali-
bration involving motor torque, revolution speed, and
active current.

The test set-ups were mo~ted in the airstream on the
standard airfoil supports (reference 6) aridall thiust and

drag forces were measured by automatic recording
balances on the tast-charnber floor.

—

For. that portion of the teet program in which it was
desired to obtain free-propeller characteristics, the pro-
peller wae driven through a 3-foot-extension shaft. Tha
motor. with its extension shaft was supported lmtwcen
the standard airfoil supporte as shown in figure 3, The
compl&e assembly was shielded from the air stream by
a metal fairing that was supported from the fixed shiel&
around the airfoil supports (fig, 4). The characteristics
of the propdler tilonewhen operating in the presence of
the nacdks were obtained by attachiig the nacelles to
the extension-shaft fairing behind the propeller.

—
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The extension shaft was not used for the tests of the
nacelle-mo~eller unite. The motor was built into the.A

nacelle and was supported between the airfoil supports
as shown in figure 3, At the beginning of this part of
the teat program, the supporting strut (which will sub-
sequently be called shut 1) was lmwe and made a bad-.
intmsecfion with the n-aceIIe,thereby causing separation
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of the airflow over aIIthat portion of the nacelle behind
the strut and producing unreasonably high values of the
naceI.Iedrag. Strut 1 was later repIaced with a much

smaller strut (subsequently calIed strut 3), which was
well filleted at its juncture with the nacdle and which
gave no indication of causing separation of the air flow
over the nacelle.

With each naceIIe and cowling arrangement, a test
was made with the propeller removed. Readings of
the drag and of the pressure drop through the cowling
were taken at various air speeds from 20 h 80 miles
per hour. The propelIer -me then installed on the
motor shaft, and tests were made with the propeller
operating. During these tests, the propder revolu-
tion speed was held constant and the air speed was
varied until the maximum air speed availabIe was
reached; the air speed was then held constant and the
propeller revolution speed was varied ta cover the rest
of the propeller operating range. Simultaneous read-
ings of power, thrust, revolution speed, air speed, and
pnmure drop through the engine were taken at fre-
quent intervals.
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The tare drag of the supports was determined by
attaching to the nacelle a single dummy strut, geo-
metrically similar to the ones that supported the na-
celle. Drag tests “were r@de. Wth. and witho@ the
dummy strut in place. The tare drag was then de-
termined on the mssumptiog_J.at theig~e?se in drag
due to the presence of the. dummy strut was-one-h-ilf
of the total strut and interference drag. The tare
drag with the propeller operating was not determined.

The nacelle arrangements tested are shown in @ure 3.
The various combinations on which measurements of

propeller characteristics were.obtained are listed in the
~oll&ng table.

! A

.--I’E*

● With mimer.

‘halew%’0’7’R

In order to determine the relative

r!aZd 30 25 40
mm 80 86 40
!mZl 80 86 40
2026 Wlzd 40
2026 2a86 40
an 8085 40
m’as Zoza 40
2025 80 86 40
X)26 . . . . ---- ----
2326 ------- ----
2025 -------- ----
2026 -------- -...
mm 8285 40
202.5 2026 40
--- 26 --– m 40
!22Za 24 8S 40
20 26 8085 40

. . . .

drag and the
cooling-air-flow characteristics of the na&lle. when
the cowling-exit area was varied, additional trots with
propeller removed were made of the 16-inch nacelle.
The tests were made with the cowling flaps (fig, 1)
set at different anglea and with a series of cowlings with
diflerent skirt lengths.

SYMBOLS AND COEFFICIENTS

The symbols and coefficients used in the report are
defined se foLIows:

q, dynamic prmsure of air (KpW).
p, mass density of air.
V, velocity of air stream,
n, propeller revolution speed.
Q, aerodynamic torque of propeller.

DR.drag of cowling-nacelle unit with propeller
removed.

AD, change in body drag due to propeller slip-
stream.

R, net force on thrust balance.
Z“~thrustof propeller operating in presence of

body (tension in crankshaft).
T,, propeller thrust in free air (no h.ody).

AT, change in propeller thrustdue to inftuence
of body (Z’– T,),

d, diameter of body behind propdler.
D, diameter of propeller.

d/D, ratio of nacelle diameter to propeller diam-
etmr.

P, power supplied to propeller (2@n).
& propekr blade angle at 0.75 radius.

C~~,nacelle drag coefficient[,(2/41”T’,,propulsive thrust-loading cocfllcicnt

(%$9
Tc~,apparent propeller thrust-Ioading codli-

cient (T/pVW),
T,fl free-propaller thrust-loading cocfllcient

(T,/pVW’).
TCA~,elipstreamdrag coefficient (AD/pVD’),
ATC,body-interference thrust coefhicnt

C.a, apparent propeller thrust coefficient
(T/pn’D4).

C,fl free-propeller thrust coefficient (Z’Jpn’D4),.

(CTO,net thrust coefficient

C., power coefficient- (Pjpn8D).
q., apparent propeller efficiency (TV/P),
W,free-propeller efficiency (T~V/P).

q, propulsive efficiency
[-1”

[
(T–AD–DJ ,

To,net efficiency P 7— —
Tm..t env~we ww~~ive efficiencyfromC8

design chart.
V/nD, advance-diameter ratio of propeller.

C,, speed-power coefficient ( ~W),
P,, power disk-loading coefficient (4P/rZYqV).
K, conductivity of the engine (reference 5).

Ap, pressure drop across engine,
~-~”cooliug-ftir- fiow coefficient.

Fl, F,, F*,body-interference factors.

RESULTS AND DISCUSSION

A study was made of the effects of variation in the
value of the ratio d/D on the characteristics of a series
of nacelle-propeller combinations, and the results m~
presented. First presented are the propelIer charac-
kmistics obtained at various values of tho ratio dj.D
md an analysis of the vahss ta determine the magni-
tude of the mutual interferences that exist between tho
propeller and the nacelle. The oooling characteristics
Et the same -raIuesof d/D and, in addition, the results
of incidental tests to determine the effect of various
bypea of control of cowling-exit area on cooling-air
flow me then presented,



EFFECT OF NACELLE-PROPELLER DUMETEB RATIO ON BODY INT13RFERE!NCE 731

.04 I I / v \ b

I +\,! A l\ 1 L \ \l lx !\,Y!\, J

I Blade angle d 0.75R 15” r ‘~”?
I

25~
I I 1 t I I I I I Y I

o .2 .4 .6 .8 Lo 1.4 1.8
?ti

1.8 2.0 2!2’

FImnu?i&—Typkd propelktest resultsfor afs blade ang!es S5fnch pmder q?mthrg in canjrudon with 164nchnacelle.



732 REPORT NO, 6SbNATIONAL ADVISORY COMTTllE FOE AERONAUTICS

mopmm CEABACTERISTICS AND mTwERENcII EWECTS

All propeller data were reduced to the standard non-
dimensional coeflioients and were plotted as functions
of V/nD, Representative test reds are pIotted in
figure 5 to ahow the variation of the test points.

In figure 6 a comparison is made of the results of
tests with two ditlerent supports for the motor nacelle,
It is to be noted that a much higher value of propulsive
efficiency was obtained when strut 1 was used to support
the nacelle than when the nacelIe was supported by

fact that misleading resuhe maybe obtained from tests
of propellers in conjunction with bodies of such form
as to allow the critical flow condition encountered with
strut 1..to occur. The ensuing analyses of propeller
charaoteristies in this report are based on test results
obtained when the nacelle -was supported by strut- 3.
With this supporting arrangement, any discrepancy in
the results due to the etlect -of strut interferauce is
believed to be quite small.

k order to show the over-all effects of variation in

1.0
,46-in. propsller with M-in. nocelle

,: ,36-kI. * * R m u
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strut 3. The cause of this dfierence in propulsive
efficiency was determined from a study of the air flow
over the naceHe by attaching streamers to iti surface
tmd studying their actions in the ah stream with and
without the propeller operating. When the nacelle
was supported by strut 1 with the propeller removed,
the air flow separated over all that portion of the nacelle
back of the strut intersection but, with the propeUer
operating, the tied of the slipstream was h shift the
separation point downstream by several inches. The
slipstream thus caused an effeotive reduction in nacelle
drag and a high value of propulsive efficiency was
therefore obtained. A similar study of the flow when
the nacelle waa supported by strut 3 revealed that the
separation point was near the tail and was apparently
uninfluenced by the propeller slipstream.

As a result of this study, it is desired b stress the

cZ/DOrithe eflicienoiesof the naceUe-propeUercombina-
tions, the envelope curves of apparent, propukive, and
net efiiency for the various arrangement tested me
given as a function of V/nD in @gure7 and as a function
of C, in figure 8. Attention is called ta the fact that
the readts given for values of d/D of 0.10 and 0.13 in
figuras 7 and 8 were obtained km teats with no nacelle
behind the propelIer. In those cams, the value of d/D
is the ratio of the diameter of the extension-shaft
fairing to the propeller diameter.

The hmreaaein both propulsive and net efficiency that
oan be obtained through the use of a spinner is also
ahown in figures 7 and 8. At tha value of d/D of 0.25,
at which tests were made with a spinner over the pro-
peller hub, the gain obtained varied from about 1 per-
cent in the take-off r~e to about 4 pereent in the
high-speed range.



EFFIWT OF NACISUJJ3-PROPELLER DL4METER R4TI0 ON BODY ~FERENCE 733

Figure 9 Sununarl“zes the results given in figures 7

I
rapid deorease in net efficiermy with increasing values

and 8 and illustrates quite cIearIy the variation at both of d/D. The divergence of the two sets of curves from
constant V/nD and constrmtC. of the various efficiencies each other is explained on the premise that, aIthough
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with reIative body size. The chosen vahms of V/nD
and C, roughly correspond to the take+ff end cruising
conditions of a representative transport airplane. There
is a rapid increase in apparent efficiency md a

~914~

the increase in body size causes an increase in apparent
thrust owing to the greater reaction created~between
body and propeller, the net thrust of the combination has
been reduced owing to the increase in body drag.

.
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Figure 10 is presented to show the effect of the d/D
ratio on the parameters that iufhmnce the sekotion of
a propeller. The ideal efficiency of a propeller is di-
rectly dependent on power disk loading. The tiect
of change in value of d/D is, in turn,to alter the power
disk Ioding. The use of the power disk-Ioadimg co-
efficient P. as the independent .vm-iable in figure 10 is
therefore very convenient in that it aLlowscomparisons
of the other importsmt design caeflicients at a constant
value of power disk loading, The other coefficients
shown in figure 10 were obtained from design charts
of the type shown in @ure 11 and from similar charts
in which 1~~~ was the independent variable. Figure
10 is of extreme interest because it shows in concise
form, for all the combinations tested with strut 3, the
foIlowing important information: C, at V/nD for ~~.z;
V/nD for ~.a,; m d the vaIues of qm=zand B that are
usually obtained from the conventional C* design
charts. At the same time it permits their comparison
at a constant value of power disk Ioading.

The values of nm.zobtained at d/D=O.33 are nearly
the same as those obtained at d/D= O.25. The differ-
ence is of the order of one-half of 1 percent and maybe
within the experimental error of the remdts. At the
10WWratio, however, there may be a loss in propulsive
efficiency owing to the fact that a relatively small body
does not tend to make inoperative the inefhient hub
and root sections of the propeller and therefore a larger
portion of the power is wasted than if the propeller
were operating in front of a linger body.

The propulsive e%iciency obtained at d/D=O.44 is of
the order of 4 or 5 percent Iower than that obtained at
either of the other ratios. Inspection of the results
given in figure 10 and of the enveIope curves of pro-
pulsive efficiency given in figures 7 and 8 indicates that,
for practicaI installations, the eflect of d/D on propul-
sive efficiency is relatively unimportant at values of
d/D 1sssthau 0.33. At higher vA= of d/D, q decreases
rapidly with increasing values of d/D. This result is in
agreement with the remdt anticipated from extrapola-
tion of previous test results.

The difierw.mes in prop~lve efficiency that have
been discussed thus far me attributed to the fact that
the presence of a body behind an operating propeller
has two opposing E&Ms. The presence of the body
alters the air-flow pattern through the propdler and
changes its power and thrust disk loadiugs to diflerent
values from those which obtained when no body is
present. & shown in @re 12, the propdler thrust
(crankshaft tension) and po-ww absorbed by a propeller
of given diameter operating at a given velocity, revolu-
tion speed, and bIade angle are not the same when the
propeller operates in the presence of a body as they are
when the propeller operates in a free air stream This
effect is herein referred to as a %ody-interference”
effect. The presence of the body in the slipstream

has w additional effect oming to the fact that it is sub-
iected to an increment of drag over and above the drag
that would obtain if the propeller were not operating.
This drag increment is commonly referred to as the
Wipstrearn” drag.

The magnitudes of the body interference effects were
wsluated by determining, at conditions of equal aver-
B.ge power disk Ioading, the ditlerence between the

FIGURE 9.—The variation of apparent,DTomlstvqandnet efhimoy
OIKdOW with dlD.

thrust-Ioading coefficient T., of the propeller in free air
and the thrust-loading coefficient of the propeller sub-
jectad to body interference T.a. In ccef%cient form,
the interference tiAtTcm#e e&mMsedas follows:

=
e ,=– T,f

Figure 13 shows the variation of&e body-interference
thrust coefficient AT, with the free-propeUer tlumst-
loading coefficient T,~ for dl values of d/LJ and blade-
angle setting at which tds were conducted. It is to
be noted that, although the rew-dtsfor any one value of
blade-angle setting follow a straight line throughout
the important operating range of the propelIer, the
values obtained from the vwrious blade angles depart
slightly from a mean line. InsufEcient data were avail-
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able to determine the secondary efteots that may
have caused this departure; the representation of the
variation of ATC with Tcf by a single straight line
for all blade angles was therefore considered to be
juetiiied.

The method used to evaluate the slipstream drag was
basimlIy similar to that used to determine the body-
interference effects. The slipstream drag is the difler-

tion, there can be but one value of the power coefhcient
at a given value of 17/nD.

The variation of slipstream-drag coefficient TC~~
determined by the method prev-iousIy outlined with
the apparent propeller thrust-loading coeflibient is
shown for the various propeller-nacelle combinations
in figure 14. There is considerable dispemion of the
plotted points but, by the same reasoning used in the
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Fmrim 11.—Representativedesign ch@ M-inch propelk end 16-fnchnrwdle.

ence between the propeh thrust T and the propulsive
thrust (T—AD) and, in coefficient form, can be defined
as follows:

T=~.T_
‘AD pm pVw pVw

It can be readiIy determined by taking the dift%rence,
at equal vahM of V/nD, between the apparent tbrust-
loading coal%cient of the propeller operating in the
presence of the naceIle and the propulsive thrust-
loading coefficient of the propehr-nacelle combination.
Such a comparison is made at equal vahws of the power
loading because, for a given propelkr-nacdle combina-

—

... .. .

.. ....

case of figure 13, the representation of the variation of
T,~~ with Tea by a single straight line was con-
sidered to be jusfid.

Inspection of figures 13 and 14 reveals that the
values of ATe and TCADcm be wremed as follows:

ATC=F1+FJ!’.l (1)

and
TeA~=F8T,a

, (2)

In the following timdysis, it wiiI be shown that the
propulsive thrust of a propeIIer-naceUe combination
cam be expressed in terms of the free-propelIer thrust
and the factors Flj Fa, and Fa.
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By definition, the propulsive thrust-loading coefficient
is

Evaluating T, in terms of T,l and the interference
factors gives

T–AD=Tr+AT-AD
T,= ‘~ p~D’

Substituting vahs from equatio~ (1) and (2)

Since
T= T~+AT

then

( T1
T,=&P+ F,+Fz~

)

-F3L*+(F’+F’*’)1
Expanding and simplifying

‘~ 1 F –F8–FJ3) + (F,–FIF,)T,=w( + s

Let
A= (1+F,–F,– F,FJ

B= (F,–”FJ$)
Then

T,=AT,l+B

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Values of I’*, 3’2,and F8 obtained from figures 13 and
14 tigether with computed values of A and B are given
as a function of cZ/D in figure 15. The values prob-
ably possess no great degree of accuracy and may be
considerably diflerent for geometrically difTerentbodies
and propellers. They are of value, however, in that
they show the relative importance of the vaxioua inter-
ference factors and may therefore be useful in analyz-
ing other test data. If other data are not avaiIable,
the factors showmin figure 15 maybe used to estimate
the thrust characteristics at a given value of the ratio
d/D when the characteristic .rxtsome other value of
o?/Dare known.

For example, let the subscript z indicate coefficients
and factors that apply to the d/D ratio for which no
test data are available and let the subscript k igdicate
corresponding coefficients and factors that apply to
the ratio for which test data are available, It can then
be said that

Tcz=AzT,r+B. (lo)

and
T,~=A~T,l+Bz (11)

Equating both equations to T,~ and solving for T,z,

T,*=2F,-B’I+
If T.f is known, T,=may be estimated by the relation
given &equation (10),

It should be borne in mind that the relations deveL
oped in this analysis hold only when the various thrust
coefficients involved are all taken at eqwd values of Pe.

1,0

.8

.6

v
.4

.2

0
0

.2 .4 .6 /.0 f.2 r.4 LB
V/:D

FIGURE 12.–Oomp3rk4n of ch3ractd.Wica of 4S-inchProp+lk in frea alr wttlr
oharaoteristiosofthe emnepropeller operdng In presenceof lS-Inchnecelle. 131ado
@& 24”.

COO)XNG CHARACTERISTICS

For the mwsentation of the cooling chmacteris-
tics, the n~ndimensional cooling-air i% coeflicicnt
4Ap/Pn’P h& becc-htroduced. The vtiues obtaincti - ‘-
from all pressure-drop measurement with the propeller
operating -wereconverted to this coefficient and plottod
as a function of V/nD. Such a method of presenting
the results is of advantage because it alIows the resulh
of measurements of pressure drop both with the pro-
peller removed and with the propeller operating ta be
presented on the same chart, The measurements with
the propeller renmved can be presented as a function
of V/nD in terms of ~=fi because on such a
chart the slope of any straight Hne through the origin is

(13)
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%=
(b) #-h. propdler; l!2=in.nad d/D.OJ?&
(0) 4E-h.rromweq m-in.naodk+duk .a8.
((L)Wn. Wopellw lz-in. Mcell& MD- .8&
(e) W4n. propell~ Iti. nacellq d/D= .44.

RGUBE 18.-Tha VUi8tiOrlOfbl~C&thru6t Wdfkkd9with ~rOpdk thlUSt-kt9~ Weffkkltli.
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Except for a. slight variation with Reynolds Number
the value of Ap/q obtained with the prope~er remo-re(
is essentially constant. By the substitution in equa
tion (13) of the value of Ap/g obtained from testi
with the propeller removed, an expression giving th
pressure drop under that condition is obtained and [
straight lina satisfying this expression can be dravn
on the plot of ~Ap/pVW2 against V/n~. Such a lint
represents, for the case under consideration, the pres
sure available without the effect of the propeller
From the results presented on such a chart, the pres
sure drop available can be determined, when p, V, n
ancl ~ are known, from equation (13) rmd the quanti~

I
Lo /
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\

,9
Pa /

.8 /
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.
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.6 /
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.
/ ‘
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— — —
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d/D
.4

,10

F~

08

F2

,06

FJ

04

B

E

o

FIGURE15.–The varfatlon of body fnterferenm factorswtth dlD.

of sir flow can be determined from the relation shown
in equation (2) of reference 5.

The effect of variation in d/17 on the cooling-air-flow
coefficient is given in figure 16. The trend of the rewdts
is in aggeement with that indicated by previous investi-
gations. At high valuee of V/nD, i. e., high velocities,
the effect of the propeller was practically the same for
all blade+mgle settings and, for all cams, the propeller
decreased the pressure drop below the corresponding
valu- obtained with the propeller removed. At low
values of V/nil, the effect of the propelIer was largely
dependent on blade-angle setting and tended to increase
the pressure drop, except in the extreme case shown in
figure 16 (c), where the nacelle diameter wa5 only 25
percent of the prope~er diameter. In this case, the
propeller showed a slightIy favorable effect at high
blade-angle settings but, at blade-angIe settings below

M9142—4~8

25°, the propeller actually caused a revamal of flow at
low values of V/nD.

It was believed that the poor cooling characteristics
obtained from testi of the propeIIer-nacellecombination
giving n value of d/D of 0.25 might be due to the fact
that, at this value of the ratio, the hub was so large
relative to the entrance at the front of the cowling that
it was creating an adverse pressure gradient ancl thus
causing the air to flow away from the entrance. An
additional series of tests was therefore conducted on
the same arrangement but with the propeller hub
co~ered by the spinner shown in figure 1. Comparison
of the results obtained with the spinner with those ob-
tained without the spinner (fig. 16) reveals that, with
the propeller operating, the spinner caused no appre-
ciable change in the p~suredrop coefficients. This
result was contrary to expectation and may be partly
explained by the comparison of the premuredrop coeffi-
cients obtained with the propeller removed md with
and without the spinner in place. Further reference
to figure 16 shows that the pressure drop obtained with
the spinner in place was about 20 percent less than that
obtained when the spinner was removed. It therefore
appears that the spinner had two effects, one of which
compensated for the other. It restricted the cowling
entrance and caused large total-prmmre entrance
losses, but it improved t-heair flow over the hub enough
to compensate for the adverse effects of restricting
the entrance.

The results of tests, with the propeller operating, to
determine the effeot on caoling characteristics of vary-
ing the etit area by cowling flaps are presented in figure
17. For all vahes of V/nD, the cooling coefficient
increases linearly with the cowhng-exit area until the
exit area becomes about 10 percent of the nacelle oross-
sectiond area. At larger values of the exit opefig, ....
the slope of the coohng-coefficient curves decreases
rapidly until, at an exit area of about 20 percent of the
cross-sectional area of the nade, it appears that there
is but little tc be gained through further increase in
exit area.

The relative merits of adjustable cowling flaps and
m adjustable-length cowling skirt as a means of ccm-
krolling the pressure drop across the engine are com-
pared, on the basis of test results obtained with the
propeller removed, in figures 18 and 19. From figure
18,which compares the effectiveness of the two methods,
.t is seen that both are of about equal merit for exit
ireas up to about 10 percent of the engine cross-sec-
iionaI area. For larger exit areas, the greater effect,ive-
MS.Sof adjustable oowhng flaps becomes increasingly

4.-

mportant; when the exit area is 25 percent of the oross-
;ectiomd area, the cowling flaps give a value of Ap/q
]f 1.22 as compared with the value of 0.83 obtained
vith the adjustable-length skirt. It is of further interest
n note from figure 18 that we maximum pressure
~ttainablewith cowling flaps is apparently much higher
han can be obtained with an adjustable-length skirt.-. ,.—,.

.

.—
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From the results shown in figure 18, itmay appear
that cowhng flaps are greatly superior to the adjustable-
length cowIing skirt, Comparisons in figure 19 of the
variation of drag with pmwre drop obtained with the
two systems indicate, however, that cowling flaps are
slightly inferior from considerations of drag. It is to
be noted that, up to a value of Ap/g of 0.65, the drag
coefficient obtained with the variabkdength skirt is

ference to show the variation of propulsive thrust
with variations in that ratio.

With the arrangement tested, the effect of vmiation
in the ratio of nacelle diameter to propeller diameter on
propulsive efficiency wa9 unimportant until the nrtcelle
became approximatdy one-third of the propeller dim-n-
eter but; beyond that point, the propulsive efficiency
decreased rapidly with further increme in relative
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the same as the theoretical coding drag for 100 percent
pump efficiency (reference 7); whereas the values of
drag coefficient obtained with the cowling flaps begin
to depart from the theoretical curve at a value of Ap/g
of 0.35.

in generaI, the difference in drag created by the two
methods is negligible in the range of values of Ap/q
thut prevail under high-speed flight conditions and is
relatively small in the take-off and climbing range.

CONCLUDING REMARKS

These results indicate the manner in which the
efficiency of a nacelle-propeller combination is depend-
ent ort the ratio of the nacelle diameter to the propeller
diameter. An empirical relation has been developed
from rncasurementsof slipstream drag rind body inter-

— ~&

FIGURE19.—The vnrkittonof AP/fw[tb C+ Compartermor eflect of varying cdt

area by hwllng flapa with effrd of varytrtg edt nrm by reductkm In wwltng.
sktrt Iength. The lGlnch macellqK, O.CM.

body size. The highest vrdue of net efficiency wm
obtained at the lowest value of the ratio of nacclIo
diameter to propeller diameter at which tests wcro
made and the vtilue decreased with increasing w-duo
of that ratio.

Tests of one naceLIc-propellm combination having
a ratio of nacelle diameter to propeller diameter of 0,2ti
&owed that the pre9ence of a spinner over the pro-
peller hub increased the propulsive efficiency by an
amount varying from 1~ to 4 percent.

Drig and cooIing-air-flow measurementsshowed that,
for a given vohune of cooIing-air flow, the drag of n
conventional N. A. C. A. radial air-cooIed engine
cowling is slightly lower when fitted with an adjustaMc-
length cowling skirt than when fitted with adjusttddo
cowling flaps but showed that the maximum pressure
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drop available with adjustable cowling flaps is about
20 percent greater than the maximum pressure available
with an adjustable-length skirt,

l,ANQLEY NIEMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,

LANGLET l?IELD, VA., April 17, 19S9.
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